, with a reagent like 2-aminoethanol. Collision-induced dissociation (CID) spectra observed by ESI and LPI mass spectrometry were similar and provided less information than adduct ions did.
Organotin compounds are becoming one of the most widely used organometallic chemicals, in terms of industrial and agricultural applications. However, some of these organotin compounds have been found to cause severe environmental problems. For example, tributyltin is a long-lasting toxic chemical, known as an endocrine disrupter which can change the sex of shellfish, and recent research suggests that it could act in a similar way in human beings. Due to the impact of these organotin compounds in the environment, a rapid, sensitive and accurate method to analyze them is required.
Many soft ionization techniques have been developed to measure less-and non-volatile and unstable compounds and now large biomolecules like proteins with the molecular weight of more than 10 5 Da can be analyzed by mass spectrometry. Some small molecules, such as organotin compounds in this study, however, are still difficult to analyze, because the molecular weight of organotin compounds has been hard to determine by ordinary ionization techniques, such as EI and FAB-MS. 1 ESI-MS is also not so good for organotin compounds.
Triorganotin carboxylates are relatively less volatile and unstable compounds compared with other organic tin compounds and they decompose easily even in solution. The structural information of these compounds is hard to obtain using ordinary soft ionization techniques. For instance, their EI spectra of them showed no molecular ions and their FAB and ESI spectra showed various useless ions due to ion-molecule reactions, which are difficult to interpret.
If a mass spectrometric method of triorganotin carboxylates is developed, the method will be applicable to the analysis of other organic tin compounds.
The toxicity of a compound is related to its structure, as is well known for dioxins, and in general, various isomers exist also for organotin compounds. Therefore, the qualitative analysis of isomers is required for the fundamental studies of organotin compounds.
The discrimination of isomers by mass spectrometry is usually difficult due to having the same molecular weight and showing similarity in their fragment patterns.
In general, chromatographic methods are difficult to apply without the standard compounds for samples.
Liquid ionization (referred to as LPI*) mass spectrometry 1-4 is a soft ionization technique to ionize liquid samples under atmospheric pressure. It has been successfully applied to organometallic compounds containing zinc or molybdenum atoms. 4 Because this method has several advantages, for example, providing obvious [M + H] + ions and useful mass spectra, ease of sample handling and high sensitivity. 1, 2, 4 The method has also the advantage of simultaneous handling of samples and reagents with ease. In addition, the ion-molecule reactions between samples and reagents in the ion source can be observed directly from their mass spectra. 3, 5 The molecular adduct ions, which are often formed with the reagent molecules in the LPI, provide information about the molecular weight and also useful information for distinguishing isomers, because the structure of a compound may have some influence on the formation of such adduct ions. 5, 6 LPI-MS was expected to be a powerful tool for identification and determination of triorganotin carboxylates, which have displayed herbicidal activity. 7 This paper describes the liquid ionization mass spectra of some triorganotin carboxylates, in comparison with those obtained by other methods such as EI, FAB and ESI. In order 8 have investigated the structures of some triorganotin carboxylates by NMR using 119 Sn solution and have indicated that these compounds exist primarily as monomeric 4-coordinate species in a solution, and as 5-coordinate (presumably polymeric species) in the solid state. By ESI and LPI, these triorganotin carboxylates showed mass spectra related with their coordinated forms. LPI mass spectra varied with solvents.
For producing adduct ions with sample molecules, 2-aminoethanol (called "reagent") was introduced through a vapor phase. The characteristic ions for the differentiation of positional isomers, such as the molecular adduct ions of analytes and their fragment ions, were obtained.
One of the characteristics of soft ionization methods is the predominance of molecular ions with little fragmentation, which allows the determination of molecular weight, but gives less information regarding the structures of compounds. Comparing with other soft ionization methods, it is easy in LPI-MS to utilize a reagent like 2-aminoethanol to produce molecular adduct ions, which provide information related to the structure of the compound. CID spectra are also obtained simply by increasing the voltages applied to the pinhole (Vp) and the skimmer-1 (Vs), which cause decomposition to produce product ions. 8 The collision gas is argon, already used for ionization.
Experimental

Liquid ionization mass spectra
Quadrupole mass spectrometers (JEOL QH100, Shimadzu QP300 and Extrel 2000) equipped with LPI ion sources 1,3 were used with a device for introducing additives (Fig. 1) to react with a sample molecule. An aliquot of a reagent, such as 2-aminoethanol, is put on a piece of filter paper or a piece of cotton placed inside a glass tube (dia: 3 -4 mm) as shown in Each mass spectrum ranged from m/z 10 to 800, and was scanned in 1 -2 s. Mass spectra presented in this paper were all the averages of 7 -10 scans recorded in succession. Increasing the heater current for a sample holder (needle) increased the sample temperature from 25 to 240˚C in 3 min. The current, actually a voltage applied to the heater, was controlled by a personal computer as described previously. 1, 6 The voltage applied to the sample holder was 1.1 -1.2 kV. The voltages applied to the pinhole and skimmer-1 electrodes were +50 V and +30 V, respectively, for soft ionization, while these were increased for CID experiments (as described for Table 4) .
FAB, EI, ESI and ESIMS/CID/mass spectra
FAB mass spectra were obtained using a double-focusing mass spectrometer (JEOL JMS-AX 500) equipped with an FAB ion source. EI mass spectra were measured using a quadrupole mass spectrometer (Finnigan SSQ 700) at an ion source temperature of 150˚C and at electron accelerating voltage of 70 V.
ESI mass spectra were measured using a triple quadrupole mass spectrometer (Finnigan MAT TSQ 700) with an electrospray ion source. In ESI mode, spray voltage is 4.5 kV. The temperature of the heated capillary was 175˚C and voltages on the tube lens and octapole elements were adjusted to minimize dissociation in these regions. A mixture of CH3OH and water (9:1 by volume) was used as the solvent.
Tandem mass spectrometric (MS/MS) experiments (CID) were carried out in the RF-only collision cell of the triple quadrupole at collision energy of 10 -50 eV. Argon was used as the collision gas in the range of 1.2 -2.0 × 10 -3 Torr.
Semiempirical molecular orbital calculations
Using WinMOPAC2.0 program (1998, Fujitsu, Japan), we carried out the semiempirical molecular orbital calculations. WinMOPAC2.0 has a graphical user interface and full Windows implementation of MOPAC97 program.
The optimized geometry and the global minimums with the lowest energy were given.
Samples
Triorganotin carboxylates [(C4H9)3SnOCO-R] shown in Table  1 were measured.
The sample compounds were synthesized by the reaction of tributyl tin oxides (TBTO) with related acids, which has been described by Xie and co-workers. 7 
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ANALYTICAL SCIENCES DECEMBER 2001, VOL. 17 FAB mass spectrum with m-nitrobenzyl alcohol (NBA) (Fig.  3a) or with glycerol as a matrix showed fewer characteristic fragment peaks than EI spectra did. The peaks at m/z 307 and 154 shown in + . Several peaks observed above m/z 500, such as m/z 639 and 733, are assumed to be the fragments of dimeric ions, which is discussed in the last section.
Liquid ionization (LPI) mass spectra
Several matrices, such as alkanes, and solvents, such as chloroform and ethylene dichloride, were examined for measuring BTR3. Alkanes did not give any characteristic peaks. When chloroform (good solvent) was used, the [M + H] + peak was observed, but it was weak and the base peak appeared at m/z 733 (shown in Fig. 5a ), which is larger than the molecular weight and may be a fragment of the dimeric ion, probably corresponding to [M + (C4H9)3Sn] + .
The LPI mass spectral data of all samples (10 mM in CHCl3; shown in Table 1 ) are summarized in Table 2 ( Fig. 5c) . The results indicated that C2H4Cl2 molecules separate each analyte molecule better than CHCl3 does, both at dissolution and during the desorption of ions. LPI mass spectra of BTR3, BTR4 and BTR5 dissolved in C2H4Cl2. Because C2H4Cl2 was found to be a suitable solvent for these triorganotin carboxylates, LPI mass spectra of BTR3, BTR4 and BTR5 in C2H4Cl2 (each 1 mM) were measured. The mass spectra of BTR3 (Fig. 6a) and BTR4 (Fig. 6b) showed the protonated molecules ([M + H] + ; m/z 443) as the base peak and the intense fragment peaks at m/z 291 corresponding to (C4H9)3Sn + . In the case of BTR5 (Fig. 6c ), the [M + H] + peak was relatively weak and the peak at m/z 291 was the base peak. The peak at m/z 385 may correspond to [M + H -C4H10] + . Semiempirical molecular orbital calculations were performed on both neutral molecules and protonated molecules [M + H] + of isomers, BTR3, BTR4 and BTR5, by using PM3 method. When the protonation occurred at an oxygen atom of the carbonyl group (Fig. 7) , the structures with the lowest energy were given for these three compounds. The relative intensity of [M + H] + peak for BTR4 was the most intense among them, although the heat of formation of BTR5 (-5.56 kcal/mol) is only slightly higher by 1.16 kcal/mol than that of BTR4 (-6.72 kcal/mol). Discrimination of isomers. The ion-molecule reactions between sample and reagent in the ion source can be observed directly from the LPI mass spectra. The molecular adduct ions provide useful information for distinguishing isomers, because the structure of a compound should have some influence on the formation of the adduct ions. 5 Several reagents, introduced onto the sample through a vapor phase (see Fig. 1 ), were examined; 2-aminoethanol (EA) was found good for isomers, BTR3, BTR4 and BTR5, as shown in Fig. 8 . The mass spectra shown in Fig. 8 were measured with low resolution in order to obtain enough ion abundance.
Because a compound containing nitrogen atom(s) has a high 1408 ANALYTICAL SCIENCES DECEMBER 2001, VOL. 17 BTR1  350  100  6  0  40  15  6  BTR2  378  100   *   6  0  55  19  18  BTR3  442  100  9  11  15  8  3  BTR4  442  100  79  54  70  44  41  BTR6  472  100   a   5  0  32  18  8  BTR7  476  82  37  32  100  23  19  BTR8  510  100  39  7  56  12  5  BTR9  520  0  41  12  100  22  16   Table 2 The relative peak intensities of the main ions in LPI mass spectra of (C4H9) + was relatively intense in the spectrum of BTR3 and in that of BTR5, but was weak in the spectrum of BTR4.
Besides, the peak at m/z 565 corresponding to [M + 2EA + H] + appeared in the spectrum of BTR5. It is interesting to note that the [M + H] + peak of BTR5 increased to become almost the base peak due to introducing a small amount of 2-aminoethanol. The molecular adduct ions may be produced at first and then lose the additive (EA) molecule(s) in the vacuum to leave the [M + H] + ions, which are stabilized and can be observed.
When the abundance of 2-aminoethanol was small (compared with Fig. 8) , the peaks at m/z 214 corresponding to the fragment ions produced by the elimination of (C4H9) In contrast, in the case of BTR5, one of two EA molecules should connect to the group of (C4H9)3Sn + and decompose to give ions of mass 352, which is much more abundant in the mass spectrum of BTR5 than in the case of BTR3. In the case of BTR4, [M + H] + may be stabilized by intra-molecular protonation (Fig. 7) , resulting in few adduct ion formations.
The semiempirical molecular orbital calculations were performed using PM3 method to evaluate the stability of the adduct ions of these isomers with EA. Table 3 + , were not observed. Ions observed in ESI spectra are generated in the liquid phase. 10 Therefore, the adduct ions with EA may not be produced in the liquid phase by high electric field. In LPI ion source, (EA)nH + may play the role of reactant ions at the liquid surface.
These mass spectra indicated the difference in the stability of adduct ions and are certainly useful for discriminating the isomers, although the structures of those adduct ions are not clearly understood yet.
Collision-induced dissociation (CID) in LPI-MS.
In liquid ionization mass spectrometry, CID spectra are obtained easily by increasing the voltages applied to the pinhole (Vp) and the skimmer-1 (Vs). Because the collision gas, argon, is already used for ionization, it is not necessary to add any other gas. By increasing the Vp and/or Vs (see Fig. 1 ), the translational energies of ions increased, causing decomposition, which produced product ions.
LPI mass spectra of BTR4 under various Vp and Vs conditions are shown in Table 4 . The Vs affects more than Vp does, because of the differences in the effects of mean free path and collision frequency.
The results indicate that the peak intensities of [M + H] + decrease with increasing both Vp and Vs. The fragment peaks observed at m/z 385, m/z 291, and m/z 235 ((C4H9)2SnH + ; product ion of mass 291) are similar to those observed by ESI (Fig. 4) .
Structures of triorganotin carboxylates and ions in mass spectra
Triorganotin carboxylates are known to exist in several forms, depending on the physical state and the nature of the substituents on the tin and the carbonyl group. Triorganotin carboxylates maybe exist primarily as monomeric 4-coordinate species in solution and as 5-coordinate, presumably polymeric species in the solid state. 8 IR spectra, and 1 H, 13 C and 119 Sn NMR spectra of these triorganotin carboxylates have shown that these compounds may have the structure of a 5-coordinated linear polymer, in which the intermolecular bridging of the carboxyl group with tin (Scheme 2) is assumed. 7 The peaks corresponding to [M + (C4H9)3Sn] + were observed both in LPI mass spectra with chloroform solvent and in ESI mass spectra for all samples examined. The results may be additional proof of the 5-coordinated linear polymer of triorganotin carboxylates. The ESIMS/CID/mass spectrum of this ion of BTR3 is shown in Fig. 9 The mass spectra shown in Table 2 indicate that these compounds gave the ions [M + (C4H9)3Sn] + corresponding to the 5-coordinated linear polymer, except BTR9 (probably due to a steric hindrance caused by a large bromine atom). The [M + H] + ions corresponding to monomeric 4-coordinate species were dominant in LPI mass spectra with C2H4Cl2, which may effectively separate each molecule of the compound.
Conclusions
In comparison with the EI, FAB and ESI mass spectra of triorganotin carboxylates, liquid ionization mass spectra were more useful to obtain information about the molecular weight and the discrimination of isomer. In LPI-MS, ethylene dichloride was found to be a better solvent than chloroform for measuring triorganotin carboxylates, because it provided abundant [M + H] + ions, probably due to good dispersion of each solute molecule in the solvent, even when the sample was heated during mass spectrometric measurements. H] + . Besides, the abundance of these ions and of their fragment ions varied according to the structure of isomers, providing useful information for the discrimination of isomers. The CID spectra, obtained easily by increasing the ion drift-voltage, gave additional structural information, although they were useless for the discrimination of isomers.
Although production and use of some organotin compounds have been forbidden, a large amount of such compounds remain in environment, and some new homologue will also be produced due to the needs for special performance of these compounds. Therefore, standard analysis method of these organotin compounds must be established. This study has given the basis for establishing the standard analysis method.
